One of the main problem in automatic Directory Assistance @A) for business listings is that customers formulate their requests for the same listing with a great variability.
Introduction
Telecom ltalia has deployed since the beginning afthis year a nationwide automatic DA system, jointly developed with Loquendo (formerly CSELT), that routinely serves customers asking for either residential or business listings. Whenever the automatic system is unable lo terminate the transaction with the customer, the call is muted to a human operator. A description ofthe system, related to the management ofthe residential calls, has been presented in [I] . Since about 80% of the DA customer acceSSes are related to business listings, it is important to improve the percentage of success ofthe system for this class ofcalls. Among the problems that must be solved 10 design of an automatic DA system for business listings, one of the hardest is that customers formulate their requests for the same business listing with great variability. Several approaches can be considered to face this problem: statistical language modelling and continuous spccch recognition technology, or word spotting are passible candidates. However, since the perplexity of the task is vely large. the risk of obtaining pwr performance with a weakly constrained speech rccogniser is relevant. Furthermore, it is more diffcult to develop reliable confidence measures and rejection strategies for continuous speech It was decided, thus, to design thc DA m i c e using a large vocabulary isolated word recognition technology, where the sequence of words of a business listing is eoncatcnatcd and hanxribed as a single word, with porriblc silences in between. Since the content ofthe original records in the database does not, typically, match the linguistic expressions used by the callers, a complex processing step is needed for deriving a set of possible formulation variants (FVs) HMMs, decodes the m e utterance with the vocabulary of the N-best hypotheses produced by the first step. The added value of the second step is twofold since the combination of the hypothesis scores ofthc two steps, not only increases the recognition accuracy, but allows also the production of a reliability score for the best hypothesis. The dialog manager module uses the reliability and phonetic xores to reject weliable hypotheses, or to reduce unnecessary request N~S . is obtained by meam of a fupy classifier. Then, a lexical, grammatical, and semantic analysis of the dewmination field is performed using a grammar specifically designed for each macrocategory. These analyses produce a table that summarizes the semantic content of the record, reducing the variability of the information inserted by the operators in the record fields. Using the semantic table, it is possible to generate the formulation vatants of a given denomination with an associated score. An example of a record, and its generated formulation variants, ordered by score, is shown in Fig. 1 . The best scoring formulation is also played back to the customer for confirmation. Several h m s were performed for evaluahg the coverage of the user formulations by the FVs. In a fin1 phase, real user data were collected h m the interactions with human DA operators located in Turin, then h m calls to a prototype DA serving the Calania telephone district. From these preliminary tests it has been verified that the coverage of the original FVs was about 40%. It was mandatory, thus, to gencrate more accurate formulations for frequently requested listings, in particular for those presenting high failure ram. Another large database (DBZOOOO) was collected from a month and a half of customer calls to an automatic system operating in Rome. In particular, 8848 business calls. muted to the human operator by the system, because it was unable to deliver the desired information, were selected and transcribed. Another set was selected, and transcribed, h m the traffic managed by 13 call centers distributed in several regions of Italy. All these calls correspond to the most frequently asked listings. The database includes 20216 transcribed calls as%i-ated to the phone number provided by the human operators. To generate new, more accurate, FVs, the transcribed denominations were analyzed, and generation rules derived, depending on the business category, according to a priori knowledge and data evidence. The FVs that received most attention were those related to hospitals, social services, public utilities, co~munieation and lranspartation agencies, and the like, because they account for the majoity ofthe calls. By using the FVs tules derived hnm this new field d a h the coverage of the FVs increased from 40% to more than 60%, using an average of 5 N s per denomination. This also means that many users are rather collaborative and that the system prompts elicit concise linguistic expressions.
Generation of formulation variants

Automatic learning of formulation variants
An analysis of the DA system failures has been done to discover the main causes of its ROE. The ~R O I S can be grouped in three main classes:
I. User formulations are slightly different (due to articles, prepositions, etc.) with respect to the stored set of FVs.
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These data were also exploited for training field adapted acoustic models.
Clustering and seleetian of mew formulations
For the most frequently requested phone numbers, each set of phonetic strings was clustered into similar subsets by using a furthest neighbor hierarchical cluster algorithm based on the mutual distance between each phonetic string. The set ofphonetically similar utterances is detected by setting a threshold on the within-cluster distance. The elusten with few elements and large within cluster variance are discarded As can be argued, the number of available samples for the Catania database is too small for deriving reliable phonetic transcriptions for new formulations. However, if a large enough database is available, it is possible to select significant clusters, characterized by high eardinalily and small dispersion of the included phonetic strings. For cxamplc, using the 458 formulations that were available for the phone number of servim FSlnfoma in the DB20000 database, the procedure gemerated several phonetically similar clusters, but only three of them were significant according to a selection criterion related to the number of elements in thc cluster (> 20 in this case) and to a low (< 4.0) dispersion of the elements within the cluster. The central element of the three clusters, defined as the shing that has the minimum sum afthe distance from all the other elements ofthe cluster, is shown in Table 2 . It is worth noting that, when the number ofelements of a clustee is large enough, the central element of the cluster gives a very good transcription of the required denomination. For the central elements in Table 2 , gwd formulation variant candidates are the phonetic strings <staZioneCentRale> and U t a z i o n e that are quite distant from the already present formulation <stazionefeRoviaRia>, while <feRoviedelostato> exactly matches a formulation already in the system.
Assessment of the procedure
As stated in Section 4.1, the Catania and DB20000 databases were processed to include the phone number information, provided by the human operators. However, to assess the capabilities of our approach we need a huge amount of phcnctic strings and, for the frst experiment, their associated phone numbers.
Automated Calls
It is, currently, cumbersame to associate the phonetic strings with the phone number that will be eventually delivered by the operator, rather than relying on ulc calls that the automatic DA failed to serve. Thus, we cluster the phonetic strings of calls successfully processed by the automatic system. Using these data, available at our will, we can assess the quality of our cluslering procedure, and its ability to produce, as a we 2 -Number of formulations (calls) matching a system mulation variant within B phonetic distance central element of a cluster, a formulation variant that has been included in the system. ouring Feb-2001 it was very easy to collect, from a platform located in Turin, serving part of the North-West region of Italy, 340K phonetic strings related to business listing calls, and the related phone number provided by the automatic DA seMce. There are about 156K different listing references io this database (DBFEBOI), l l l K of which have been requested only once. We processed the denominations that were requested more than 5 times, for a total of 127K calls, obtaining 2761 clusters. Again, the most fkquently requested calls refer to hospitals, police, cinema, public offices, television, and transpottation Fig 2 shows the number of formulations (calls) that match a system FV, corresponding to that phone number, within a phonetic distance. It can be observed thzt 1515 automatically detected FVr (54.9%) perfectly match a FV that was included in the system. These formulations cover 30626 (63.6%) requests. 2412 formulations (89.5%). covering 44534 calls (92.5%) are within a distance of 1.0 from the nearest system FVs. This distance corresponds to slight formulation variations like the ones shown in the first row of Table 3 . These results demonstrate that the cluster algorithm is able to detect very well most of the old formulations. In padcular, the example in the first row ofthe Table 3 shows that usen correctly pronounce <kkameRadikomeRCo>, including the Italian preposition "di" (09 that does nor appear in the current FVs.
Moreover, the automatic DA service may succeed in completing a user request, even though his formulation is distant from a system FV, because the dialog manager may ask the address information to the user. Thus, the DBFEBOI database includes associations of the correct phone number with phonetic strings that are far fmm the nearest system FV, but are correct transcriptions of new formulations. Example of these formulations are shown in the last two rows of Table 3 : in Le third mw the name of the hospital "Berto" is normally formulated by the users, while the acronym S.P.A. is substituted with ward "Ser-
v~T '
(services) As a final assessment we computed, far each of the 2761 central elements produced by OUT clustering procedure, its distance hom all the system FVs of the city corresponding to the area code of the phone number associated with the cluster. Fig. 3 is a scatter plot where the x andy coordinates of a point represent the distance of a phonetic string from the nearest phone number FV, and horn the nearest FVs of the city listings respectively. Thus, the 2618 points laying on the 45" right line correspond to automatic phonetic transcriptions that are close to one of the FVs associated to the correct denomination. As better shown in Fig. 2, 1515 of them perfectly match a system FV. The 143 points laying below the 45O right line indicatc that a central element is closer to an incomct denomination. ll is wonh noting, however. that the points lo-'iated on the right side af the figure may correrpand to new formulations if the cardinality of the corresponding cluster is high and the within cluster variance is low. We obtained. for example, the phonetic string <CentRokomeRCalemetRopoli> as the central element of a cluster including 48 user formulations. having a cluster variance of 0.94, and a distance 3.54 from the current best system FV <CentRakomeRCalV. Since it satisfies the criterion of cluster mbustoess and "purity". and since it is far from the nearest system FV, it can be added to the current FVs as a new formulation. The distribution of the points in Fig. 3 , concentrated on the (lower part 00 the 45' right line, assesses the viability of the approach for incremental learning of new (phonetically accurate) formulations if a large enough database is available for the requests routed to the operators.
Calls routed 10 the operator
In the DBFEBOI database there are about 7WK calls routed to the operators, and related to phone numbers of 7368 cities. Since for these calls we don't have the phone number information associated with the phonetic string, we cluster all the strings associated with a given city m e . The number of these strings can be as large as 164K for a big city like Milan. For these experiments it was necessary to adapt the clustering procedure to deal with a logically huge, but spane distance matrix. To Comuute the distance amone all the ohonetic I branch C. Using a rather conservative approach for clustering we obtained 1427 clusters (and the phonetic string for their central elements) referring to 363 citia. These clusters wver 37k calls, about 7% ofthe total calls for these cities (54210. 431 of the detected clusters have a central element that is already covered by a system formulation variant (its distance hom Ihe system FV is lower than a thxeshald). The remaining 996 central elements, covering 24K calls, can be inspected to eliminate few inappropriate formulations, such as "doctor", or "hospital" for a big city, or "operator". From this relatively small database we obtained 976 new formulations, covering 23K calls. Some formulations detived from routed calls are shown in Table 4 . 
Conclusions
We have shown that an unsupervised approach is able to detect user formulations that were not foreseen by the designers of a DA system. These formulations can be added to the system to reduce its failures. Conversely, the system formulations generated from the book listings for a given denomination, that never appeared in a huge amount of real data can be eliminated, to reduce the search costs. This approach has been used to automatically detect new formulations, discover why existing formulations exhibit high rejection rates, and to compute the percentage of routed versus automated calls per phone number.
I. References
I strings, we use a recursive tree to tree matching proeedure, where a tree branch is a phonetic string, as sketched in Fig. 4 . Since the distance is defined to be symmetric, a phanetic string is matched only against the tree branches at its right using Viterbi beam search. The trellis computed during the 
